Augmented Reality (AR) is recognized as one of the most important developments in educational technology for both higher and K-12 education as emphasized in Horizon report (Johnson et al., 2016 (Johnson et al., , 2015 . Furthermore, AR is expected to achieve widespread adoption that will take two to three years in higher education and four to five years in K-12 education (Johnson et al., 2016 (Johnson et al., , 2012. If this is the current state of the art for the use of AR in education, it is important to investigate how educators and researchers integrate AR into teaching-learning processes. Looking from such a glimpse, the purpose of this scoping review was to provide a comprehensive overview of relevant research regarding the emergence of augmented reality, the links to pedagogy and educational outcomes, specifically in the context of formal education. The scoping review is underpinned by the five-stage framework Arksey and O'Malley (2005). First, research questions are identified. Second, the last five years in ERIC database is explored by using the search term 'augmented reality.' Third, studies are investigated through inclusion and exclusion criteria, and PRISMA (2009) model is utilized for article selection. Fourth, selected articles are charted with respect to numerous dimensions and summaries. Finally, findings are reported in the light of research questions. The findings of the scoping review illustrated a set of studies that provide evidence of improved academic performance, increase in students' engagement, motivation, and satisfaction through the educational environments that are enriched with AR applications. The findings of the scoping review are discussed with respect to multiple dimensions that are explored under research questions.
INTRODUCTION
Education in specific fields of study or skill might take place in various ways (Lee, 2012) . Furthermore, education can be circled around different forms of media, ranging from noninteractive books to highly interactive ones that might arouse a wide variety of senses (Radu, 2014 ). Yet, one of the most important central considerations for educators is the dynamic means of content delivery through the enhancement of instructional practices (Thornton, in formal education highlights the fact that such applications have a positive impact on learning and learners' attitudes (Lu, & Liu, 2015; Martin-Gonzalez et al., 2015) . According to the report of New Media Consortium (Johnson et al., 2015) AR is viewed as having numerous potentials to change educational settings, such as, enhancing progressive pedagogies, instructional strategies, and the arrangement and delivery of content. Furthermore, the use of AR applications is considered to improve students' cognition and interaction which results in more effective learning (Lu, & Liu, 2015) . While the motivation or achievement of skill is recognized as an important reason for the development of teaching tools (Ferrer-Torregrosa et al., 2015) , as in the case of AR applications, educators should also take consideration into the idea of how such applications might be integrated with instructional strategies or pedagogical approaches in formal education. Studies revealed that the use of AR in formal education might enable educators to combine those applications with various pedagogical approaches, such as, situated learning (Chang, & Jen-ch'iang, 2013; Chang, Wu, & Hsu, 2013; Crandall et al., 2015; Estapa, & Nadolny, 2015) , inquiry-based learning (Wang et al., 2014; Bressler, & Bodzin, 2013; Chang, Wu, & Hsu, 2013) , and game-based learning (Hwang et al. 2015; Lu, & Liu, 2015; Bressler, & Bodzin, 2013) .
The value (Chen, & Wang, 2015) and importance (Lee, 2012) of using AR applications in formal education is studied with respect to various learning outcomes. For instance, researchers investigated whether AR enhanced multimedia learning improves the retention of the delivered content, and found that students using AR multimedia contents improved knowledge retention as opposed to those following a traditional course (Pérez-López, & Contero, 2013) . In a study, AR enhanced and traditional 2D simulation systems are compared whether such systems lead a better collaborative inquiry learning behaviors on the topic of elastic collision among university students (Wang et al., 2014) . Researchers found that AR simulation leads a more supportive role in students' collaborative inquiry learning than traditional learning (Wang et al., 2014) . In a media comparison study, researchers investigated how different forms of technological mediation (computer vs. robot) might have an impact on kindergarten students' perception toward AR-infused dramatic play (Han, Jo, Hyun, & So, 2015) . The results indicated that regardless of the media type, younger children tended to have higher satisfaction with AR-infused dramatic play (Han, Jo, Hyun, & So, 2015) . In another research, McMahon, Cihak, & Wright (2015) compared the instructional effectiveness of a location-based AR navigation tool with Google maps and print based material on students diagnosed with intellectual disability or autism spectrum disorder. Researchers found that students were better in travelling with the help of location based AR navigation tool (McMahon, Cihak, & Wright, 2015) .
In a systematic review of research and applications, the use of AR in education was found to be effective for several purposes, such as a better learning performance, learning motivation, student engagement and positive attitudes (Bacca et al., 2014) . The effective integration of emerging technologies, like AR, has several challenges requiring the need for overcoming numerous impediments (Martins, Gomes, & de Paiva Guimarães, 2015) , such as, integration into traditional learning methods, costs for the development and maintenance of the AR system, and general resistance to new technologies (Lee, K., 2012) . Moreover, the effective design of AR applications (Estapa, & Nadolny, 2015; Tanner, Karas, & Schofield, 2014) and technical thresholds (Garrett, Jackson, & Wilson, 2015; Lu, & Liu, 2015; Tanner, Karas, & Schofield, 2014; Chang, & Jen-ch'iang, 2013) are considered to have an inhibitor effect for educators during the integration process. Notwithstanding, it is still recommended that there is a need for ongoing exploration (Estapa, & Nadolny, 2015; Bacca, Baldiris, Fabregat, & Graf, 2014) to determine and create a 'conventional wisdom' in that either new media or technologies, such as AR applications, and pedagogical approaches or methods together have positive effects on students' learning outcomes.
Looking from such a glimpse, the purpose of this scoping review is to capture the relevant research studies in the literature on the use of AR in formal education. The study may reveal the point that how educators and researchers approach integrating AR applications into teaching-learning processes.
To be able to filter studies as formal, informal or non-formal education, following definitions are selected to guide the process. Formal learning is accepted as contexts in which learning takes place in a planned and structured way, non-formal learning is considered to occur in meaningful contexts, like libraries, zoos, or museums, and informal learning is considered to result from daily life or leisure activities (as cited in Hsiao, Chang, Lin, & Wang, 2016) .
METHOD
This is a scoping review study in which Arksey and O'Malley's (2005) five-stage framework is utilized. The five stages of Arksey and O'Malley's framework; (1) identifying research questions, (2) identifying relevant studies, (3) study selection, (4) charting the data, (5) summarizing and reporting the results were utilized in this review of the use of AR in formal education.
Identifying research questions
The focus of the review was the exploration of key aspects of the use of AR applications, specifically in the context of formal education, that influence the effectiveness of teachinglearning processes and student learning experiences. To ensure that a substantial range of literature was captured relating to the topic of interest, following research questions are posed to guide the research: 
Identifying relevant studies
To cover a broad range of studies regarding the use of AR in formal education, the search term 'augmented reality' is selected. The reason for selecting 'augmented reality' as a search term without applying any other filtering options was to reach out studies as much diverse as possible. Afterwards, inclusion and exclusion criteria were developed. Such a step was followed by analyzing several literature review studies to be able to get deeper insights regarding the dimensions that can be included to summarize the selected researches. After several literature review studies are examined and analyzed (see Koutromanos, Sofos, & Avraamidou, 2015; O'Flaherty, & Phillips, 2015; Bacca, Baldiris, Fabregat, & Graf, 2014) , variables for either inclusion or exclusion are determined. Table 1 illustrates the cases for inclusion and exclusion criteria. The last 5 years has seen the integration of augmented reality applications into educational institutions more frequently. As a result, the last 5 years was considered appropriate, since such a time period is likely to reflect the specific use of augmented reality in formal education. The electronic database ERIC is searched to identify the researches in the light of inclusion and exclusion criteria. The reason for researchers to go over and search through ERIC database was because of it publishes current and cutting-edge education related resources (ERIC, 2016) . Since the purpose of this scoping review is to cover education related researches on the use of AR in formal education, ERIC is considered to be an appropriate database to reflect the current predisposition. 
Study selection
Using the key search term; that is 'augmented reality' in ERIC database, a wide variety of studies are reached to be reviewed. ERIC database is searched on March 22, 2016 and 102 articles were identified that were published between 2012 and 2016. A review of the titles and the abstracts revealed the fact that a large number of articles were irrelevant, particularly those related to initiation of AR systems, and the suggestions for the potential use of AR in education. Studies that are carried out in an informal education context are also excluded since Researches that only designed an AR application but did not apply in a formal education context, studies just mentions about merit of AR, previews of thesis and dissertations
Sample
Students continuing in formal education settings where an AR application is integrated with or applied in teachinglearning process
Informal or non-formal learning purposes of AR on adults, tourists or visitors in a museum or in a zoo, and all other informal sample in which there is no educational or learning outcome there were no education related learning outcomes. Examples include studies that detailed reports on the use of AR applications in library, museum or zoo services. Furthermore, reviewing wide variety of studies provided a glance for excluding similar researches, like the design and development of AR tools, and technical dimensions of AR applications. The process of article selection followed the PRISMA (2009) 
Charting of Data
The fourth step was the charting of selected articles. After each study is considered to be included in the light of inclusion and exclusion criteria, summaries are developed for each article with respect to numerous dimensions, such as the author, year, AR features, affordances, pedagogical approaches, results, limitations and suggestions. A detailed summary of those variables that are concluded from the included studies are illustrated in Table 2 . 
Limitations
Small sample size and data sources were restricted to a survey and test format.
Malfunction by the application leading decreased learnability for the animated manual.
No limitation is recognized.
Numerous technical threshold, and teachers' inability to develop resources successfully.
Suggestions
Need for further exploration on learning outcomes. The distraction factor should be considered during the design process. The impact of optimal design elements on students' learning might be investigated.
Usability issues should be investigated in AR applications. Smaller devices are recommended to search on AR applications.
Need for further exploration on the potential benefits on knowledge acquisition, motivation and engagement.
Cultural and material factors should be considered during physical actions in an AR environment.
Needs to be a cooperation with engineers for the development of resources. There might be a need for teaching assistance during the process. No limitation is recognized.
Generalizability of the research findings is restrained because of limited subject matter.
Small sample size and the duration of the application.
AR applications might be considered in case there is no appropriate lab space.
More studies must be addressed in order to assess other unexplored possibilities of the ARBOOK tool.
Concerning study samples, a larger sample should be used to obtain a more complete statistical dataset. Lengthening the research timeframe is also recommended.
Need for more extensive research on the use of AR applications.
Larger sample sizes and extensive subject matters are the two recommendations.
Need for longer period of time in experimenting. 
Summarizing and reporting findings
The final step of the scoping review was to summarize and report findings in the light of steps that are followed. Developing summaries of each study made reporting of the findings easier to follow and discuss in the light of research questions.
FINDINGS
This scoping review covered 23 research studies from numerous countries. Of these, 8 studies were conducted in Taiwan, 7 in the United States, 4 in Spain, 1 in Turkey, 1 in Portugal, 1 in Canada and 1 in Korea. In this section of the study, research questions are discussed by illustrating relevant studies included into the scoping review. Selected studies are discussed regarding the technologies used in AR applications, kinds of pedagogical approaches integrated with AR applications, affordances of AR applications in formal education, educational outcomes arising from the use of AR applications and limitations outlined regarding the use of AR applications in education.
What technologies are being used to engage students in AR applications?
The majority of the studies utilized marker-based technology for integrating AR applications into teaching-learning processes. Table 3 illustrates the AR technology used within the studies that are included into this scoping review. 5, 9, 11, 12, 15, 17, 19, 20, 21, 22, 23  3, 4, 6, 13

As it is illustrated in Table 3 , AR technologies that are used in the studies are print-based (1, 2, 7), marker-based (5, 9, 11, 12, 15, 17, 19, 20, 21, 22, 23) , location-based (3, 4, 6, 13), gesturebased (5, 18), image-based (8, 10, 14) and haptic-based (16).
What kind of pedagogical approaches are being integrated with AR applications?
There were few studies that integrated AR applications with a pedagogical approach or instructional strategy. The majority of the studies did not determine and use a pedagogical approach, but instead they just focused on integrating AR applications into activities on the curriculum and evaluated the findings with respect to educational outcomes, especially by gathering students' perspectives regarding the use of AR applications. Table 4 illustrates the studies that integrated pedagogical approaches into AR applications during the teachinglearning process. Table 4 , pedagogical approaches integrated into AR applications are situated learning (1, 6, 17, 19) , inquiry-based learning (11, 19, 22) , collaborative learning (3, 11), and game-based learning (5, 6, 22) .


As it is illustrated in
What are the affordances of AR applications in formal education?
AR applications are intended to afford several learning outcomes before they are applied to the real teaching-learning processes. Knowledge comprehension/acquisition, concept development, and knowledge retention are amongst the affordances that researchers attributed to the use of AR applications. Table 5 illustrates the affordances of AR applications by referencing the studies included into this scoping review.
Table 5. Affordances of AR applications
Affordances of AR Study Number
Knowledge comprehension / acquisition 2, 3, 7, 13, 15, 16, 17, 18, 19 Concept development 1, 5, 6, 10, 12
Knowledge retention 9
As it is illustrated in Table 5 , affordance of AR applications are knowledge comprehension / acquisition (2, 3, 7, 13, 15, 16, 17, 18, and 19) , concept development (1, 5, 6, 10, and 12) and knowledge retention (9).
What are the educational outcomes arising from the use of AR applications?
The findings of the scoping review illustrated a set of studies that provides evidence of improvement in students' educational outcomes with respect to numerous dimensions. Table  6 illustrates those dimensions aroused from the usage of AR applications. As it is illustrated in Table 6 , educational outcomes arising from the use of AR applications are found to be attention (1, 7, 9), engagement (3, 21), interest / interesting (3, 9, 10, 14, 22), motivation (3, 7, 16), satisfaction (5, 11, 17), knowledge comprehension (5, 7, 15, 16, 19, 23), academic achievement (5, 7, 10, 14, 16, 17) , knowledge retention (9), enjoyment (13, 15), and autonomy (7, 16, 20) .
What limitations are outlined regarding the use of AR applications?
Studies included into this scoping review outlined several limitations regarding the use of AR applications in formal education. The majority of the studies outlined three limitations; technical thresholds, design considerations and small sample size. Table 7 illustrates the limitations outlined by the studies included into this scoping review. 2, 5, 6, 12, 18, 20  5, 17, 18  1, 11, 13, 15, 16, 19, 20, 21, 22  As it is illustrated in Table 7 , limitations outlined regarding the use of AR applications are technical thresholds (2, 5, 6, 12, 18, 20), design considerations (5, 17, 18) , and small sample size (1, 11, 13, 15, 16, 19, 20, 21, 22) .
DISCUSSION AND CONCLUSION
In this section of the scoping review, findings are summarized in order to get and provide a glimpse of the current research studies on the use of AR applications in formal education. Gaps within the literature are highlighted to draw attention to the critical considerations on the development of AR enhanced learning environments.
To begin with, although there are several forms of technologies to be used in AR applications, like print-based, marker-based, location-based, gesture-based, image-based, and haptic-based, Table 3 illustrates that the majority of the studies included into this scoping review underpinned marker-based AR technology to enhance the teaching-learning process in formal education. One of the most important reasons for the utilization of marker-based technology might be the notion of ease of use (Thornton, Ernst, & Clark, 2012) . Since designing and developing high level of AR applications needs technical skills that educators might lack of (Lu, & Liu, 2015) , the ones that are easily reached and used, as in the case of marker-based, might be preferred by the educators and researchers.
Second, studies included into this scoping review revealed the fact that AR applications used during the teaching-learning processes did not utilized a wide variety of pedagogical approaches. Table 4 illustrates the pedagogical approaches that AR applications are grounded. While the situated learning approach is the one that is used most frequently, inquiry-based learning, collaborative learning, and game-based learning approaches can be seen amongst the pedagogical approaches that AR applications are integrated with. Since using AR applications within educational context is an emerging and developing phenomena (Martin-Gonzalez, Chi-Poot, & Uc-Cetina, 2015; Johnson et al., 2014; Van Arnhem, & Spiller, 2014) , it might take time to integrate them with pedagogical approaches or instructional strategies. Furthermore, there might not be a guideline for integrating AR with learning theories (Santos et al., 2014) , and 'a model of the factors that may maximize the use of AR for learning' (Radu, 2012) .
Third, the majority of the studies included into this scoping review evaluated students' learning outcomes through learning environments in which either experimental, quasiexperimental or mixed methods research designs are used. Many of the studies, using surveys, questionnaires, open-ended statements and interviews, reported an increase in students' motivation, satisfaction, and engagement with learning environments that are enriched with AR applications. Similarly, studies that explored students' academic achievement as measured by pre-test to post-test scores reported an improvement compared to control groups, where AR applications were not used. Open-ended questions and interviews revealed students' perspectives regarding the use of AR applications in formal education. Although increasing students' motivation, satisfaction, and engagement are critical dimensions as learning outcomes, it is also important to improve students' higher order thinking skills such as problem solving, critical or creative thinking (Wang et al., 2014; ) which AR applications may support as well. For instance, Wang et al. (2014) compared university students' collaborative inquiry learning behaviors and their behavior patterns in an AR and 2D simulation system. Researchers found that AR simulation is more supportive and engaged the students more thoroughly in the inquiry process. This scoping review revealed that there is a need for AR applications designed to support students' higher order thinking skills.
Fourth, the majority of the studies included into this scoping review revealed the fact that although using AR applications in formal education is valuable for desired educational outcomes, technical thresholds (Crandall et al. 2015; Lu, & Liu, 2015; Hsiao et al. 2013 ) are recognized amongst one of the most critical boundaries for learning effectiveness. VaughanNichols (2009) stated that AR applications are spread into consumer settings more and the technology might be ready to become more commonplace. Furthermore, AR applications are becoming more attractive as a mainstream technology due primarily to the proliferation of smartphones with location-based services (Berryman, 2012) . However, technical thresholds highlighted in the studies showed that there is still a gap to fulfill with respect to capabilities that AR technology serves. This gap is important since the quality of technical services affect the learning effectiveness as revealed in a research that is carried out by Tanner, Karas, & Schofield (2014) . Researchers pointed out that the malfunction of the AR application might decrease the learnability of the AR enhanced animated manual, which in the end leads students to prefer static manual over AR enhanced one (Tanner, Karas, & Schofield, 2014) .
Fifth, design considerations are recognized as another limitation by numerous studies. Researchers stated that ineffective design of AR applications with respect to usability considerations might lead distractions and affect the overall learning effectiveness of students. For instance Estapa, & Nadolny (2015) stated that students using the augmented document reported that there were too many items on the page, possibly leading to distraction. Chang, & Jen-ch'iang (2013) also found that the lowest satisfaction for students was the ease of use dimension, and as a result, researchers suggested that ease of use requires improvement and strengthening (Chang, & Jen-ch'iang, 2013) . Kaufmann, & Dünser, (2007, p. 666) reported that students' motivation and the usability of AR applications is reduced due to the minor crashes and technical problems. However, the usability of AR applications are rated higher than the usability of a desktop application (Kaufmann, & Dünser, 2007, p. 668) . It is suggested that technical issues need to be solved for improving the usability considerations even further (Kaufmann, & Dünser, 2007, p. 668) Sixth, small sample size is one of the most important limitations that nearly each and every study had pointed out (Estapa, & Nadolny, 2015; Han et al. 2015; McMahon, Cihak, & Wright, 2015) The lack of an appropriate sample size in which AR applications are integrated with teaching-learning processes in formal education limits both educators and researchers to generalize their findings. Such a limitation might have an inhibitor effect on the construction of a conventional wisdom for the use of AR applications in formal education.
Although there is an acknowledgement that AR applications lead positive learning outcomes (Chen, & Wang, 2015; Radu, 2012) , there was only three studies (11, 19, 22) focusing on the development of students' higher order thinking skills. However, the lack of or insufficient scientific evidence regarding the potential use of AR applications in supporting students' higher order thinking skills does not imply that researchers and educators should stop experimenting with those applications. Citing Goodwin, & Miller (2013, pp. 78 -80 ) 'if we only implemented strategies supported by decades of research, we'd never try anything new.' There is a need for appropriate time span for both educators and researchers to provide reliable data on the use of AR applications in formal education with respect to numerous dimensions, yet the valuable query that might be made is to ask whether the use of AR applications in formal education benefits students and educators in an effective manner (Goodwin, & Miller, 2013, pp. 78 -80; Lee, 2012, p. 20) .
